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Monday, February 4, 2013 225aproteins form transient and time-dependent interactions that are central to the
function of this oscillator.
1151-Pos Board B43
NMR Structure and Dynamics of the Response Regulator Sma0114 from
Sinorhizobium Meliloti
Sarah Sheftic, Andrei Alexandrescu.
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Receiver domains control intracellular responses triggered by signal transduc-
tion in bacterial two-component systems. Here, we report the solution NMR
structure and dynamics of Sma0114 from the bacterium Sinorhizobium meliloti,
the first such characterization of a receiver domain from the HWE-kinase fam-
ily of two-component systems. The structure of Sma0114 adopts a prototypical
a5/b5 Rossman-fold but has features that set it apart from other receiver do-
mains. The fourth b-strand of Sma0114 houses a PFxFATGY sequence motif,
common to many HWE-kinase-associated receiver domains. This sequence
motif in Sma0114 may substitute for the conserved Y-T coupling mechanism,
which propagates conformational transitions in the 455 (a4-b5-a5) faces of re-
ceiver domains, to prime them for binding downstream effectors once they be-
come activated by phosphorylation. In addition, Sma0114 lacks the fourth
a-helix of the consensus 455 face and 15N relaxation data show that it is re-
placed by a segment that is flexible on the ps-ns timescale. Secondary structure
prediction of Sma0114 and other HWE-kinase-associated receiver domains
suggests that the absence of helix a4 may be a conserved property of this fam-
ily. In spite of these differences, Sma0114 has a conserved active site, binds di-
valent metal ions such as Mg2þ and Ca2þ that are required for phosphorylation,
and exhibits ms-ms active site dynamics similar to other receiver domains.
Taken together, our results suggest that Sma0114 has a conserved active site
but differs from typical receiver domains in the structure of the 455 face that
is used to effect signal transduction following activation.
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Molecular Dynamics Simulations Support the use of Methyl Generalized
Order Parameters in the ‘‘Entropy Meter’’
Vignesh Kasinath, Kim A. Sharp, Joshua A. Wand.
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Conformational entropy is a potentially important thermodynamic parameter
contributing to protein function. Unfortunately, conformational entropy has
been difficult to measure experimentally. We have been working towards using
measures of fast internal motion as a proxy for conformational entropy. Imple-
mentation of this approach has been impeded by the apparent need to employ
a model-dependent interpretation of the obtained generalized order parameters.
We have recently proposed that the quantitative relationship between general-
ized order parameters and conformational entropy could be determined empir-
ically and effectively create an ‘entropy meter’ (Marlow et al. Nat. Chem. Biol.
6, 353). This approach has initially employed methyl symmetry axis order pa-
rameters that can be obtained relatively easily. The approach then rests on the
coupling between motion of the methyl bearing side chains and the rest of the
amino acids being sufficient to report on the whole protein. Here, we examine
the generality of this assumption using molecular dynamics simulations of
a number of proteins. The MD simulations performed with the NAMD suite
showed excellent agreement between the calculated and experimental side
chain order parameters for all the proteins, a marked improvement from previ-
ous studies. We find a general correlation between the internal dynamics of pro-
tein and the protein conformational entropy. The calculated protein
conformational entropy showed excellent linear correlation to both the calcu-
lated NMR order parameter of methyl groups as well as the experimentally
measured NMR methyl order parameters. Supported by NIH grant
GM102447 and a grant from the Mathers Foundation.
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Haverford College, Haverford, PA, USA.
Calmodulin’s highly modular tertiary structure leads to interesting dynamics in
its conformational distribution that are difficult to document using conventional
methods. A cyanylated cysteine vibrational probe on single site cysteine vari-
ants of calmodulin can be used to determine local aspects of calmodulin’s dy-
namic structure around the probe group when bound to different partners.
Several new single-cysteine mutants of calmodulin were expressed and purified
for the purpose of labeling with cyanylated cysteine and examining differences
in its structure around the chosen label sites. Infrared spectra of labeled mutants
in the apo, calcium-saturated, and bound states with a variety of calmodulin
binding partners will be reported to demonstrate the ability of cyanylated cys-
teine to map dynamic and modular calmodulin-target binding interfaces.1154-Pos Board B46
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Overall protein stability is thought to have an important impact on the local dy-
namics modulating enzyme function. In order to better understand the effects of
overall stability on local dynamics in mitochondrial cytochrome c, we test the
effect of a destabilizing Leu85Ala mutation on the dynamics of the tier 0 alka-
line conformational transition involving conformational changes on the ms
timescale. Elucidating further understanding into protein dynamics has signif-
icant relevance to health, as alternative protein conformers are associated with
many human diseases. The alkaline conformational transition replaces the
Met80 ligand on the heme with a lysine residue from U-loop D, the heme crev-
ice loop, consisting of residues 71-85. Residues 67 to 87 are the most conserved
portion of the sequence of mitochondrial cytochrome c, suggesting this region
is of prime importance for function. Mutations to U-loop D affect the stability
of the heme crevice directly, modulating the pKapp of the alkaline transition.
Two variants of yeast iso-1-cytochrome c, WT*/L85A and WT*/K73H/
L85A, were over-expressed in E. coli and purified for these studies.
Guanidine-HCl unfolding monitored by circular dichroism and pH titrations
at 695 nm, respectively, were used to study the thermodynamics of global
and local unfolding of these variants. Dynamics of the alkaline transition
were measured by pH-jump stopped-flow methods. Contrary to the expectation
that dynamics around the heme crevice would be faster for the less stable WT*/
K73H/L85A variant, they were similar to those for a variant without the L85A
mutation. In fact, below pH 7, the dynamics of the WT*/K73H/L85A variant
were slower. Gated electron transfer techniques using bis(2,2’,2’’-terpyri-
dine)cobalt(II) as a reducing reagent were implemented to measure the heme
crevice dynamics for the WT*/K73H/L85A variant.
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Abhijeet Kapoor, Alex Travesset.
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We develop a coarse-grained model where solvent is considered implicitly,
electrostatics is included as short-range interactions and side-chains are
coarse-grained to a single bead. The model depends on three main parameters:
hydrophobic, electrostatic and side-chain hydrogen bond strength. The param-
eters are determined by considering three levels of approximations and charac-
terizing the folding for three selected proteins (training set). Nine additional
proteins (containing up to 126 residues) as well as mutated versions (test set)
are folded with the given parameters. In all folding simulations, the initial state
is a random coil configuration. Besides the native state, some proteins fold into
an additional state differing in the topology (structure of the helical bundle).
We discuss the stability of the native states, and compare the dynamics of
our model to all atom molecular dynamics simulations as well as some general
properties on the interactions governing folding dynamics.
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The adenyl cyclases EF and CyaA play an important role into the virulence of
the agent of whopping cough (B.pertussis) and of the agent of anthrax (B.an-
thracis). Indeed, their interaction with calmodulin (CaM), leads to cAMP over-
production, disorganizing the signaling network into the host cell. The
numerous structures of EF recently allowed some of us to analyze dynamics
and energetics of EF-CaM (1-2, 4, 6) and to discover a new family of EF inhib-
itors (5).
The analysis of the interaction between CaM and the catalytic domain (AC) of
CyaA was more difficult to handle, as only the X-ray crystallographic structure
of the complex of AC with the C terminal lobe of calmodulin (C-CaM) was
know. Qualitative information was available on the conformations of isolated
AC, revealing a less elongated shape than in the complex with C-CaM.
Molecular dynamics simulations (7) predict three residues, R338, N347 and
D360, to stabilize the AC/CaM interaction. Furthermore, their experimental
mutations show significant decrease of the AC affinity for CaM, involving these
residues in long-range allosteric communication between CaM and the AC cat-
alytic site. Advanced molecular dynamics simulations, based on the TAMD ap-
proach(3), were used to investigate conformational landscape of the isolated
AC and to propose compacted AC structures.
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Ionotropic glutamate receptors (iGluRs) are ligand-gated ion channels that me-
diate excitatory neurotransmission. All distinct classes of iGluRs (AMPA,
NMDA, Kainate) harbor a ligand-binding domain (LBD), and an N-terminal
domain (NTD) in their extracellular region. Glutamate binding to the LBD ac-
tivates the ion channel. Allosteric modulation of iGluR activity by NMDAR
NTD is well established; a similar function in AMPARs is still a matter of de-
bate. Recently, we have shown that the bilobate architecture of iGluR NTDs
favors similar global motions, and facilitates easy reconfiguration between
AMPAR and NMDAR dimers [1,2]. This unexpected similarity in the intrinsic
dynamics of these two subfamilies hints at the allosteric potential of non-
NMDAR iGluRs and has propelled the evaluation of their ‘‘druggability’’.
To achieve realistic detection of ligand-binding sites and their maximal binding
affinities, we performed molecular dynamics (MD) simulations of iGluR extra-
cellular domains in the presence of drug-like probe molecules and water. First,
we benchmarked this method by exploring the well-known ligand-binding
landscape of GluA2 LBD. We found that binding of one probe molecule in
the endogenous ligand-binding site can drive domain closure necessary for
channel activation. Subsequently, we explored the ligand-binding potential of
all known iGluR NTDs. Our method captures with reasonable accuracy the
known binding sites on NMDAR-GluN2B for modulators like Zn2þ and phe-
nylethanolamine compounds, and furthermore provides insights into the chem-
ical features and compound shape that may bind with better affinity than those
known compounds. Another striking result from an extensive analysis of all
iGluR NTDs is the accuracy with which the probe-binding hot spots overlap
with known dimer interfaces of the monomers. This opens new avenues
whereby we can accurately identify/predict druggable protein-protein
interfaces.
1. Dutta A, et al. (2012). Structure, in press
2. Sukumaran, M et al. (2011). EMBO J, 30, 972-82.
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Hepatitis C virus (HCV) is a wide spread health concern and causes approxi-
mately 35,000 new infections in the U.S. each year. Though there are treat-
ments available, they cause many side effects and are not completely
effective for all genotypes. HCV contains a positive sense single-stranded
RNA genome and replicates with the aid of RNA dependent RNA polymerase
(RdRp). This polymerase is known to have at least two different conformations:
open and closed. Our goal is to understand how this transition occurs in order to
better understand how the enzyme is able to replicate RNA. To accomplish this
goal we employ the Dynamic Importance Sampling Algorithm (DIMS). DIMS
is a pathway finding algorithm that gives information about the intermediate
states between defined starting and ending points. In our case of study this start-
ing and ending points are the coordinates of the open and closed conformations
taken from the 1YV2 and 1YUY structures (Biswall, B. K., Cherney, M.M., J.
Biol. Chem. 280, 18, 18202-18210) DIMS allows us to sample the conforma-
tions of intermediates between the open and closed conformations to illumi-
nate, at the molecular level. how this transition takes place, what motions
facilitate the transition and what role conformational changes play in the func-
tion of the enzyme.
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Markov State Model (MSM) approaches model the conformational dynamics
of proteins as a kinetic network of metastable states. This allows one to obtain
long-timescale and equilibrium information from ensembles of much shorternon-equilibrium trajectories sampling local transition rates between states.
To explore the possibility of using MSMs to efficiently characterize the effects
of sequence perturbations, we construct ‘‘wildtype’’ and ‘‘mutant’’ MSMs built
from molecular dynamics simulations of Fs peptide, the GB1 hairpin, and WW
domain. We show that metastable states are generally robust to perturbation,
although unfolded states may suffer from finite sampling. To assess the statis-
tical significance of changes in observed transition counts that occur upon mu-
tation, we develop a log-likelihood surprisal metric. We validate the metric in
simple lattice models, and apply it to study sequence-dependent folding mech-
anisms and our ability to efficiently sample them.
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The amyloid b protein (Ab) has been implicated in the pathogenesis of Alz-
heimer’s disease. Previous in vitro experiments have shown that the central
Ab(21-30) fragment may have special importance because it may act as a fold-
ing nucleus of the full-length protein. Recently, experiments of the full-length
wild type (WT) peptide under aqueous salt environments have revealed varied
responses in both the structure and growth of aggregates of the full-length pep-
tide under these environments. Here we use all-atom molecular dynamics sim-
ulations of monomeric Ab(21-30) to examine pre-aggregate structural
alterations under similar dissolved salt conditions (CaCl2 and KCl). Further,
we make use of the wild-type and three common mutations of the decapeptide
(Arctic[E22/G22], Dutch[E22/Q22], and Iowa[D23/N23]) to explore the possi-
ble dependence of charged side-chain and salt-ion interactions in driving struc-
tural changes under aqueous salt environments. Our results indicate that the
production and stability of open (random-coil) structures is enhanced under
CaCl2 for the wild-type decapeptide, and both Dutch and Iowa mutations;
while KCl environments enhanced the production of turn structures for wild-
type and b-structures for the Iowa and Dutch mutations. Additionally, we pres-
ent a possible explanation for these differences in structural response as a com-
bination of volume exclusion, ion-residue interactions, and ion effects on the
hydration of the decapeptide.
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Deposition of Amyloid-b (Ab) is an early indicator of Alzheimer’s disease
(AD). Ab is a 39- to 42-amino acid peptide released by the proteolytic cleavage
of the C-terminal fragment of Amyloid Precusor Protein (APP). Recently, the
backbone structure of the APP-C99 in detergent micelles was determined by
nuclear magnetic resonance (NMR) restraints. The transmembrane (TM) do-
main resulted characterized by a highly kinked helix at position G708. We
used molecular dynamics simulations to explore the conformational space of
the APP transmembrane domain. Equilibrated models of APP inserted in mi-
celles and lipid bilayers were produced and characterized; moreover the effect
of experimental conditions on the APP TM free-energy landscape was investi-
gated by using enhanced sampling techniques. Finally, the effect of small
chemicals and pathogenic mutations were tested. Our findings were strongly
correlated with in vitro experiments. We concluded that APP-C99 is intrinsi-
cally flexible at the hinge region defined by G708 and G709. Under in vivo-
like conditions this is a key feature to explore multiple functional conforma-
tions implicated in proteolytic cleavage by g-secretase and the generation of
amyloidogenic species.
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Efficient and accurate mapping of transition pathways is a challenging problem
in allosteric proteins. We propose here a new methodology which facilitates the
sampling of the conformational space by recruiting all modes of motions nat-
urally encoded by the protein architecture, while evaluating the atomic interac-
tions and energetics via full-atomic molecular dynamics (MD) simulation
protocol. The basic approach is to deform the structure collectively along the
modes of motion predicted by the anisotropic network model (ANM), similar
